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Abstract
We comment on a recent puzzle regarding renormalization group invari-
ance of exact results in SUSY theories, and argue that a purported renor-
malization of the dynamical scale  in theories with matter does not in fact
occur.
1 Introduction
Recently, the authors of [1] argued that renormalization group invariance of
exact results in SUSY gauge theories requires that the dynamical scale ,
dened in terms of the holomorphic Wilsonian gauge coupling and believed
to be renormalization group invariant to all orders, actually receives higher
order corrections in theories with matter. We believe that this conclusion is
incorrect. We believe there is some confusion over the proper normalization
of elds apprearing in holomorphic expressions.
The argument of [1] goes as follows. Take for simplicity the example the




4 with 4 = M40 e
−82=g2W (M0). The authors take the
elds on the left hand side to be canonically normalized bare elds, and ask
what happens as the cuto M0 is changed. As M0 is varied, the bare elds
Qib undergo wave function renormalization, and thus the right hand side of
the equation must also renormalize. However, we will argue that, with the
elds dened in this way, and explicit wavefunction factor should appear on
the right hand side, which absorbs the dependance on M0, thus leaving 
invariant as expected.
We can demonstrate this through a careful consideration of the instanton
that generates the quantum modication of the constraint. Let us rst con-
sider a generic 1-instanton amplitude. Given a bare lagrangian with a cuto,
1
M0, and bare coupling g0, and canonically normalized bare elds, one goes









The instanton nonrenormalization theorem derived by NSVZ[2] states that
there will be no higher order perturbative corrections to this amplitude, and
thus it will only undergo wavefunction renormalization as M0 is varied. In-


















is thus invariant under changes in M0, to all orders, and provides a denition













Demanding invariance of this expression under changes in M0, one derives
that g0 satises the NSVZ  function [2, 3]. Now to convert to the holomor-













to obtain b0 = Mb00 e
−82=g2W .
Going back to the example at hand, one can calculate directly the instan-
ton contribution to Pf (QibQ
j
b) [4, 5, 6]. This is the calculation of a Greens









2=g20 = Z−24 (5)
Thus, counter to the naive expectation, an explicit Z factor appears in this







b such that they do not renormalize under shifts of M0, and in




Another way of saying this is that, for the Wilsonian action which is used
to express exact results in a manifestly holomorphic way, the matter elds
should not have canonically normalized kinetic terms. In fact, in the original
work of Shifman and Vainshtein[7], the Wilsonian action is dened with an
explicit wavefunction factor in the kinetic term. This diers from standard
conventions some may be used to using in eld theory. Thus, in physical
applications of exact results, one could easily miss the appearance of explicit
wavefunction factors. In [1], it would appear that some such factors have
been implicitly absorbed into , which explains the peculiar renormalization
properties found therein.
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